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The development of low-loss fiber has rapidly changed the prospects for optical communication. Among many types of low-loss fibers that have been developed, the multimode cladded fiber with a step-refractive index vari ation seems to be a most promising candidate for nearterm applications in optical communication. 1 This type of fiber has a core with a slightly larger refractive index than that of its cladding material. Because of its small size and small refractive index difference, to our knowl edge, there has been no simple and direct way to measure the two refractive indices of this type of fiber. In this communication, we discuss a simple method to measure refractive indices of a small numerical aperture, step-re fractive index, cladded fiber.
It is well-known that the oil immersion technique has been one of the oldest methods widely employed in minerology and crystallography to determine refractive in dices of solids. The method can be applied to either iso tropic or anisotropic substances. Fortunately, the index difference An, between the core and the cladding is very small for a small numerical aperture (NA) fiber, usually ∆n ≃ 0.005. (NA = sin -1 (n 0 2 -n 1 2 ) ½ , where n 0 , n 1 are refractive indices of the core and the cladding, respec tively.) This enables us to apply a similar oil immersion technique to measure directly refractive indices of the core and the cladding of a cladded fiber in a very simple manner with an accuracy greater than lO -4 . The proce dure of the measurement is described as follows.
(a) Place a small drop of index-matching liquid (R. P. Cargille Lab. Inc., Cedar Grove, New Jersey) on a micro scope slide and put a small fragment of fiber (a few milli meters long) into the liquid. Place a cover glass upon the droplet and press downward. If the refractive index of the liquid n 2 is not matched to that of cladding n 1 , two Fig. 1 . The boundary between the cladding and the liquid van ishes when indices of two media are matched. The boundary seen in the figure is that between the core and the cladding. A filtered light source is used with a center wavelength at 0.589 μm. boundary surfaces will show under the microscope; one is the boundary between the liquid and the cladding; the other is that between the core and the cladding. Fol lowing the standard procedure of the oil immersion tech nique, examine the position of the Becke line at the boundary of the liquid and the cladding and adjust the fluid index until the boundary disappears. At this point, one will find the boundary between the core and the clad ding is still visible as illustrated in Fig. 1 . Sometimes it is helpful to have a few air bubbles or impurities in the liquid to assist in focusing on the fiber.
(b) Gradually increase the index of the matching liq uid while the microscope is focused on the boundary be tween the cladding and the core. Since the refractive index of the core n 0 is larger than that of the cladding, the Becke line at the boundary will always move toward the core as the microscope objective is raised. However, as the refractive index of the matching liquid reaches some value, one will see the boundary between the core and the cladding disappear. This is illustrated in Fig. 2 in which a sequence of micrographs is shown as refractive index of the liquid is adjusted to be 1.468, 1.470, 1.472, and 1.476; At n 2 = 1.472 the boundary between the core and the cladding is hardly visible. (c) Under this condition the relationship among the indices of the core, the cladding, and the liquid can be found from Fig. 3 . From Bouguer's relation where r 1 , r 2 are radii of the core and the cladding, respec tively. Thus we have a correction formula in which the refractive index of the core n 0 is related to the measured values n 1 and n 2 through where n = n 1 /n 2 and r = r 1 /r 2 . Therefore the refractive index of the core can be determined accurately by know ing radii r 1 , r 2 and refractive indices n 1 , n 2 . Several step-refractive index, small numerical aperture, multimode fibers supplied by Corning Glass Works were measured. The refractive index of the cladding was found to be n l = 1.460 at a wavelength of 0.589 μm. The refrac tive index of the matching liquid, n 2 , at which the bound ary between the core and the cladding vanishes was found to be n 2 = 1.472. The ratio of the radii between the clad ding and the core is r = 0.709. We obtain a value n 0 = 1.467 for the core from Eq. (1). This gives a numerical aperture NA = 0.1475 and an acceptance half-angle of θ 1/2 = 8.48°.
In summary, we have discussed a simple method to measure the refractive indices of a step-refractive index, small numerical aperture, cladded fiber and have given first measured values of refractive indices of this type of fiber.
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